Legumes (Fabaceae) are plants with the distinct ability to fix atmospheric nitrogen; the atmospheric nitrogen fixation by legumes is known as biological nitrogen fixation. Biological nitrogen fixation is the process whereby atmospheric nitrogen is reduced to ammonia in the presence of the enzyme nitrogenase. Nitrogen fixation in legumes starts with the formation of nodules. Inside the nodules, nitrogen fixation done by the bacteria (Rhizobia), and the ammonia (NH 3 ) produced is absorbed by plant. The symbiotic relationship between a bacterium and a plant makes legumes special plants, which offer benefits when included in farming systems. These benefits are ecosystem, economic and environmental benefits. Inclusion of forage legumes in the form of intercropping in low-input grassland mixtures improves forage quantity, quality and soil fertility trough addition of nitrogen (N) from N 2 -fixation. Intercropping is a multiple cropping practice, which involves growing two or more crops in proximity. Legumes also improve the nutritive value of the low quality native pastures grown with them and are important component of farming system since they have high nutritive value and able to rehabilitate nutrient depleted soil. There are various factors affecting legume growth and development and these factors need to be taken into account when planning to grow legumes. These factors include pedoclimatic factors especially those associated with the soil acid complex. These factors are known as physical, chemical, biological and environmental factors. The improvement of forage quantity and quality through forage legume inclusion is crucial for improved animal performance, which is a goal of all livestock farmers. The inclusion of forage legumes in low-input grassland mixtures is vital to improve biomass production, forage quality and ultimately soil fertility. The improvement of forage quantity and quality is crucial for improved animal performance, which is a goal of every livestock farmer. Forage legumes have the potential to improve the diets of ruminants because they increase the crude protein (CP) concentration of the herbage mixture relative to that of grass monocultures.
INTRODUCTION
Legumes (Fabaceae) are plants with the special ability to fix atmospheric nitrogen, the process of atmospheric nitrogen fixation by legumes is known as biological nitrogen fixation. Legumes can supply up to 90% of their own nitrogen (N) when inoculated with a proper strain of Rhizobia. Even though legumes fix nitrogen from the atmosphere they can also take up large quantities of soil nitrogen if it is available (Weisany et al., 2013) . Biological nitrogen fixation is a natural process that is of significant importance in the world of agriculture . Biological nitrogen fixation is the process whereby atmospheric nitrogen is reduced to ammonia in the presence of nitrogenase .
Nitrogenase is an enzyme found naturally only in microorganisms such as symbiotic Rhizobium, Frankia, or the free-living Azospirillum and Azotobacter. In this case, the focus is on nitrogen fixation by legume plants in association with Rhizobia. In symbiotic relations, microorganism infects the plant root through the infection thread and lives in the nodule forming structure. The plant supplies component of nitrogenase and organic compounds to microorganisms while the microorganisms supply reduced nitrogen to the plant. The symbiotic relationship between the bacteria and the legume plant allows them to both grow and produce a high protein seed or forage crop (Coskan and Dogan, 2011) . Although, biological nitrogen fixation is dependent on host cultivar and rhizobia it is also limited by pedoclimatic factors especially those associated with the soil acid complex of high aluminium (Al) and manganese (Mn), low calcium (Ca) and phosphorus (P). These factors are categorized as physical, chemical, biological and environmental factors (Bordeleau and Prevost, 1994) .
Legume production in relation to biological nitrogen fixation also offers a number of benefits and these benefits are characterized as ecosystem, economic and environmental benefits. Inclusion of forage legumes in the form of intercropping in low-input grassland mixtures improves biomass production, forage quality and soil fertility through addition of nitrogen (N) from N 2 -fixation. Intercropping is a multiple cropping practice, which involves growing two or more crops in proximity. Legumes also improve the nutritive value of the low quality native pastures grown with them and are important component of farming system since they have high nutritive value and able to rehabilitate nutrient depleted soil. Diverse mixtures of plant species can use resources more efficiently in nutrient-poor environments (Hector, 1998) , and can produce more biomass than communities of one or few species (Cardinale et al., 2007; Hector et al., 1999) . For example, if plants differ in depth of rooting they can exploit nutrients from different soil layers (Wilson, 1988) . Mixtures can use the sunlight more efficiently than monocultures through improved interception of light (Spehn et al., 2005) . Furthermore, components of a mixture may show nutritional complementarity. Effects of legumes can persist even if the proportion of legumes in the total biomass is small (Mulder et al., 2002; Nyfeler et al., 2011) .
Positive interactions were observed among non-legume species (van Ruijven and Berendse, 2003; Hooper and Dukes, 2004) . In agricultural ecosystems, grass-legume mixtures have the potential to increase productivity, herbage nutritive value and resource efficiency (Peyraud et al., 2009) . Results of a pan-European experiment, using two grasses and two forage legumes at thirty-one sites for three years, showed strong positive mixing effects. This improved livestock production considerably in addition to benefits in soil fertility (Nandi and Haque, 1986) . Grass species can benefit from growing in mixtures with legume species (Temperton et al., 2007) , and N fixation of legume species can be enhanced with competition from non-legume species (Nyfeler et al., 2011) . Losses from weed competition represent a significant waste of resources (that is, water and nutrients) in agricultural systems, and more efficient use of resources in diverse grass-legume mixtures makes them more resistant to the invasion of weeds than communities composed of fewer species (FrankowLindberg et al., 2009) . Greater evenness of species in a mixture further increases their resistance to weed invasion (Tracy and Sanderson, 2004) .
Niche complementary and resistance to weeds and diseases can result in greater yield in mixtures than would be expected from the component species growing separately (Trenbath, 1974) . Meta-analysis carried out by Cardinale et al. (2007) showed that mixtures were more productive than the average monoculture in 79% of the fourty-four experiments they summarized. The most diverse mixture used in the experiments achieved 17 times the biomass of the average of the monocultures and 88 times the yield of the most productive species grown in monoculture. In 12% of the experiments, the mixtures were more productive than the most productive monoculture. While it is desirable in agronomic systems to achieve good yields, it is no less important to obtain herbage of high digestibility; low fibre content and high concentration of protein, to sustain satisfactory animal production (McDonald et al., 2002) .
Forage legumes generally have higher nutritive value than grass species. Growing grasses and legumes in mixtures can improve herbage nutritive value compared with grass monocultures (Zemenchik et al., 2002) , The improvement in nutritive value is due to slower decline in digestibility with advancing maturity and higher levels of protein in legumes (Dewhurst et al., 2009) . Therefore, this review explores the benefits of grass-legume mixtures in forage production and ultimately livestock productivity, factors affecting legume production, benefits of legume inclusion on the soil and plants grown in 
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Benefits of growing legumes
There are various benefits to the ecosystem function associated with growing legumes. These benefits are connected to the legumes' biological nitrogen fixation ability. They are categorized as economic, environmental and ecosystem benefits. Biological nitrogen fixation by legumes also presents benefits to the non-legume plants grown in association with legumes and the soils on which they are grown (Giller, 2001) .
Environmental benefits
The use of N fertiliser contributes substantially to environmental pollution therefore; biological alternatives have received increasing attention in the recent past in agricultural practices. Biological nitrogen fixation can act as a sustainable source of N and can complement or replace fertiliser inputs. Intercropping legumes capable of symbiotic N fixation offers an economically attractive and ecologically efficient means of reducing N inputs (Paynel et al., 2007) . The assimilation of all the biologically fixed nitrogen by a legume plant, which maintains the balance of global nitrogen cycle and keeps nitrogen in a form that does not pollute the environment, is one of the wellknown benefits of biological nitrogen fixation. Legumes contribute to enhanced carbon (C) sequestration and reduced greenhouse gas (GHG) emissions. The enhancement of C sequestration in the soil is related to increased biomass and hence to soil fertility. Raising soil fertility is viewed as the most effective way to rapidly increase C sink capacity (Serraj, 2004) . Legumes also reduce GHG emissions from ruminant systems. The reduction of methane production has been seen in trials that were done on Lotus corniculatus (birdsfoot trefoil), Lotus uliginosus (greater trefoil) which are legumes possessing secondary metabolites known as condensed tannins (CTs) in their leaves. When household sheep were fed with these legumes, their methane production values decreased in comparison to those of the sheep that were on ryegrass pastures. The role of legumes in supplying N through fixation is crucial and beneficial in relation to GHG balance than had once been thought (Abberton, 2010) .
Ecosystem benefits
The amount of nitrogen contributed to the biosphere through biological nitrogen fixation is estimated to range between 63 × 10 6 and 175 × 10 6 tonnes per year. Symbiotic nitrogen fixation in legumes contributes about 30% to this amount of fixed nitrogen. Leguminous nitrogen fixation is viewed as the most efficient system as the mean yearly fixation rate ranges between 55-140 kg/ha in comparison with 0.3 30kg/ha for other nitrogenfixing biological systems. In a study that was conducted in the United Kingdom, it was estimated that Trifolium repens (white clover) in mixture with grasses fixed up to 280 kg/ha annually. This introduction of white clover into the sward resulted to saving up to 45% nitrogen fertilizer (Lindstrom, 2001) . The role of legumes in supplying N through fixation is crucial and beneficial in relation to GHG balance than had once been thought (Abberton, 2010) . Powers et al. (2011) reported increases in soil carbon stock when forest or savanna was converted to pastures (5 to 12% and 10 to 22%, respectively).
Economic benefits
Since adequate animal nutrition is essential for high rates of gain ample milk production, efficient reproduction and adequate profits, it is imperative to provide livestock with protein supplements when forage quality is low. The protein supplements are expensive and this results in high feed costs that compel dairy farmers to become more efficient with their farm operations. Feed accounts for approximately one-half of the total cost of providing milk, and high quality forage optimizes the productivity of the animals, therefore increasing the quality of forage available is one of the best methods of improving overall feeding efficiency. Combining the growth of cereal or grass forage with crops which are capable of increasing the protein content of the overall ration clearly has nutritional and financial benefits. Legumes are a good source of protein and can be used to compensate cereal or grass protein shortage (Eskandari et al., 2009 ). Thus, growing of plant mixtures with legumes, which is referred to as intercropping, can boost the forage protein content of ruminant diets. Several authors have reported higher crude protein content in grass-legume mixtures in comparison to sole cereals or grasses (Eskandari et al., 2009; Ojo et al., 2013) .
Benefits to the soil
Benefits to the soil emanating from biological nitrogen fixation by legumes include the improvement of soil organic matter content, soil porosity, soil nutrients, soil structure, soil pH, biological diversity and pest cycle (Heenan et al., 2004; Malik, 2010; Mohammadi et al., 2012; Ernst and Siri-Prieto, 2009 ).
Soil organic matter
Soil organic matter is the organic fraction of the soil and is composed of the decomposed plant and animal material, and microbial organisms. The carbon associated with the soil organic matter (SOM) is known as soil organic carbon. SOM is a key indicator of soil quality as it influences biological activity, serves as a nutrient reservoir, and impacts soil aggregation. Seeding of grasses with legumes in combination with continuous grazing resulted in increased SOC of pastures even though that did not translate into improved net returns (Heenan et al., 2004) . From a long-term rotational study in Wagga Wagga in the United States of America, it was reported that stubble retention in legume-wheat rotation maintained higher levels of soil organic carbon (SOC) than stubble burning (Heenan et al., 2004) . Rotations involving medics and vetch (Vicia faba) led to a significant increase in soil organic matter ranging between 12.5 to 13.8g/kg versus 10.9 to 11 g/kg for continuous wheat and wheat/fallow (Malik, 2010) . Most crop residues contain more carbon than nitrogen but require both N and C to speed up the process of decomposition therefore the nitrogen contained by legumes facilitates the decomposition of crop residues in the soil and their conversion to soil building organic matter (Mohammadi et al., 2012) . Several researchers have reported that crop mixtures greatly increased carbon inputs into the soil in comparison to monocultures. The increase in soil organic carbon was reported to be due to plant mixtures providing good soil cover, which ultimately results to continuous addition of roots and plant litter (Ernst and Siri-Prieto, 2009; Peypers et al., 2010; Tesfaye et al., 2007; Huntjes and Albers, 1978; Anders et al., 1996) .
Soil porosity
Most legumes have an aggressive taproot that opens pathways deep into the soil. Nitrogen rich legumes also encourage earthworms and burrows formation. The root channels and earthworm increase soil porosity and promote air movement and water percolation deep into the soil. Planting of white clover resulted in improvements in water percolation rate and the extraction of nutrients by plants from the soil. Transient structuring of soil and greater drainage of water through soil cores than under perennial ryegrass monocultures around the roots of white clover has also been reported (Graham and Vance, 2000) .
Nutrient recycling
Biennial and perennial legumes usually root deeply into the soil, and therefore they have the ability to recycle crop nutrients that are deep in the soil profile. This prevents nutrient loss due to leaching below the root zone of shallower-rooted crops in rotation (Mohammadi et al., 2012) .
Improvement of soil structure
Legumes improve soil structure and stability. The protein, glomalin that symbiotically occurs along the roots of legumes serves as glue that binds soil together into stable aggregates. The aggregate stability increases pore space and tilth, reducing both soil erodibility and crusting (Mohammadi et al., 2012) . Improved soil structure reduces the risk of soil compaction and water runoff and ultimately increases the soil's biological activity, seedling establishment and root penetration. Legume driven soil structure improvement may result in increased leaching of both fixed and applied nitrate in legume monocultures (Holtham et al., 2007) .
Improvement of soil pH
Due to the legumes' acquisition of nitrogen as diatomic N rather than as nitrate, they lower the pH of the soil. This in turn promotes increased plant-soil-microbial activity in soils with a pH above the range for optimum crop growth and development (Graham and Vance, 2000) .
Biological diversity
Biodiversity is a major co-benefit of an increased use of legumes. This has been proved in long-term studies conducted in Minnesota where, the net soil accumulation of C and N of 1 m was measured on agriculturally degraded soils. Five hundred to six hundred percent C and N diversity increase were observed in perennial grasslands than monocultures. In these mixtures, there was also greater root biomass accumulation especially from legumes and C4 grasses. White clover and birdsfoot trefoil biomass presence were observed to significantly increase the pools of C and N in the soil (Abberton, 2010) .
Break pest cycle
Legumes can provide an excellent break in a crop rotation that reduces the build-up of grassy weed problems, insects and diseases. Forages and legumes also play an important role in weed control and nitrogen (N) supply for an upcoming crop. According to Malik (2010) , the introduction of grain legume crops or legumerich pastures provided N to subsequent cereal or oilseed crops when legumes were introduced into rotations. Besides, breaking pest cycles, grain legume crops also lower infestation of non-legume crops by improving biological pest control through increased microbial diversity and activity (Lupwayi et al., 2011) . Cereals rotations with legumes were useful because the legumes contributed N to the soil/ plant system and interrupted pathogen cycles. In Ethiopia, a faba bean (Vicia faba L.)-Wheat-wheat rotation reduced the severity of wheat takeall (Gaeumannomyces herpotrichoides) disease in comparison with wheat monoculture (Lupwayi et al., 2011) .
Benefits to the plant
Improved biomass production
Legumes supply nitrogen to grass-legume mixtures, so mixtures may produce more forage yield than grasses grown alone. Generally, in grass-legume mixtures higher yields have always been achieved in comparison with sole grass plots. Several authors have reported, greater total dry matter production in grass-legume mixtures higher yields in comparison with sole grasses or cereals. In a study that was conducted by Sturludottir et al. (2013) , in Northern Europe and Canada higher yield in the legume-grass mixtures than monoculture treatments were reported. The authors reported that on average, the grass-legume mixture plots had 9, 15 and 7% more DM than the most productive monoculture in the first, second and third year respectively. Sturludottir et al. (2013) reported more DM production of 9, 15 and 7% in mixture plots than the most productive monoculture in the first, second and third year respectively in a study they conducted. Gulwa et al. (2017) also reported higher total dry matter production in grass-legume mixture plots in comparison to grass only plots in a study that was conducted in the Eastern Cape Province, South Africa. The difference in growth patterns of legumes is reported to have a potential of leading to efficient use of resources such as light when grown in a mixture than when grown separately. All these different functional traits could contribute to positive interactions between the species resulting in higher yields for mixtures in comparison to monocultures. The attainment of high DM yield in the grass-legume mixture plots may also be attributed to beneficial effects of mixing grasses and legumes and also from the differences in the seasonal growth pattern between the grass and legume species (L€ uscher et al., 2005) or across years (Nyfeler et al., 2009 ).
Improved nutritive value
Grasses grown in association with legumes also contain a higher percentage of protein. The protein content of legumes is typically much higher than that of grasses and legumes fibre tends to digest faster than grass fibre, allowing the ruminant to eat more of the legume. Well nodulated legumes mostly provide an actual N supply to the subsequent crop but the net addition of this N and its availability depends on the amount of fixed N, which remains in non-harvested residues (Russelle, 2004) . Grass in pure stands is common (that is, grass in natural systems), but requires high nitrogen (N) inputs. In terms of N input, two-species (grass-legume mixtures) are more sustainable than grass in pure stands and consequently dominate low N input grasslands (Nyfeler et al., 2011; Nyfeler et al., 2009; Crews and Peoples, 2004) . In temperate grasslands, N is often the limiting factor for productivity (Whitehead, 1995) . Plant available soil N is generally concentrated in the upper soil layers, but may leach to deeper layers, especially in grasslands that include legumes (Scherer-Lorenzen et al., 2003) and under conditions with surplus precipitation ( ThorupKristensen, 2006) . Eskandari et al. (2009) reported that grasses grown in intercropping with legumes contained a higher CP content than grasses harvested from the monoculture planted plots. This suggests that legumes grown alongside non-legume plants increase the N uptake of the companion plants by partitioning the atmospheric fixed N by legumes to the non -nitrogen fixing plants grown in association with them. Ojo et al. (2013) reported higher CP levels on Panicum maximum intercropped with Lablab purpureus in a study they conducted at the Federal University of Agriculture in Nigeria. Concentrations of nutrients in forage plants are dependent upon the interaction of a number of factors. These factors include the following: the physiology of the plant, physical and chemical compounds of the plant (tannins, cellulose and crude fibre), season and soil quality in which the forges are grown.
Factors affecting legume development and production
Factors affecting legume production include soil related factors such as soil pH, organic carbon, and mineral contents and plant factors such as plant nutrient status (Coskan and Dogan, 2011; Weinsany et al., 2013; Serraj and Adu-Gyamfi, 2004; Sinclair and Vadez, 2002) .
Soil related factors
Soil pH
Soil reaction (pH) is one of the most crucial factors influencing legume and rhizobium symbiosis. Higher hydrogen cation (H+) concentration ions lead to increased solubility of Aluminium (Al), Manganese (Mn) and Iron (Fe) and the high amount of these elements may become toxic to the rhizobium. Rhizobium such as Sinorhizobium melitoti and Rhizobium galegue are highly sensitive to acid pH as soil pH less than 4.6 inhibits their activity. Some of the studies conducted in the past have shown formation of efficient symbiosis and increased amounts of biological nitrogen fixation when the soil pH is between 5.6 and 6.1. Soil acidification impedes the root hair infection process and nodulation (Coskan and Dogan, 2011) .
Soil macronutrient
Nitrogen
Even though legumes can fix nitrogen from the atmosphere, they can take up large quantities of soil nitrogen if it is available. Nitrogen is an important element for the formation of soil organic matter. Nitrogen (N) release from a legume crop occurs as the aboveground plant residues, roots and nodules gradually decompose. Although there are contrasting reports of the role of starter N on BNF, it is widely agreed that, excess N inhibits nodulation and N 2 fixation, especially in soils with good fertility status (Serraj and Adu-Gyamfi, 2004; Unkovich et al., 2008) . The negative effect of nitrate on legume nodulation and subsequent reduction in BNF is attributed to the inhibition of root infection, nodule development and nitrogenase activity (Weinsany et al., 2013) .
Phosphorus
Nodule development and function are critical sinks for phosphorous (P) therefore; nodules usually require the highest P content in the plant (Sinclair and Vadez, 2002) . Adequate P fertilization has been observed to yield to enhanced nodule number, mass and greater N 2 -fixation activity per plant (Serraj and Adu-Gyamfi, 2004 ). Legumes release fixed N and build up soil organic matter during growth. The increase in soil organic carbon was reported to reach a new plateau after only three years on a clay soil on a study that was done on alfalfa (Sinclair and Vadez, 2002) . The deficiency of phosphorus (P) supply and the availability poses a severe limitation on nitrogen fixation and symbiotic interactions. However, there are differences in phosphorus requirements of various rhizobia. The slow growing rhizobia are more tolerant to low P levels than the fast growing rhizobia (Russelle, 2004) .
Potassium
Although potassium (K) is not viewed as an integral constituent of the metabolite, it serves to activate various enzymes, serves as a counter ion and is the major cationic cellular osmoticum. Potassium affects the growth rate of internodes. For some rhizobia, a qualitative requirement for K was seen when Rhizobium Trifolii and Rhizobium Meliloti revealed restricted growth when potassium was omitted from a defined medium whereas a linear response was obtained in batch culture (Russelle, 2004) .
Sulphur
Sulphur (S) is an essential element for growth and physiological functioning of the plants. The sulphur containing amino acid cysteine and methionine play an important role in the structure conformation and function of proteins and enzymes in vegetative plant tissue. As synthetic media for growth of rhizobia contains S, there has been very little attempt made to define quantitative requirements of sulphur. When examining S nutrition of two strains of Bradyrhizobium japonicum and two strains of Bradyrhizobium sp. using batch and chemostat cultures, high levels of contaminating S present in the media components had to be removed before S limitation occurred in the batch culture. The growth of four Bradyrhizobia strains was limited in the chemostat culture when the S concentration in the inflowing media was less (Unkovich et al., 2008; Weisany et al., 2013) .
Soil essential micronutrient content related factors
Boron
Boron (B) is amongst the eight essential micronutrients that are also known as trace elements required for the normal growth of most plants. Strong alterations in nitrogen fixation in soybean plants were reported when B supply was low. Results of a study that was done on the effect of B on the rhizobium-legume cell surface interaction and nodule development in peas indicated that the number of rhizobia infecting the host cells and the number of infection threads (the infection threads developed morphological abnormalities) were reduced in boron deficient plants. The cell walls of boron deficient plants with structural aberrations lack the covalently bound proline rich proteins contributing to O 2 barrier, preventing inactivation of nitrogenase associated with a decline in N 2 fixation (Sinclair and Vadez, 2002) .
Copper
Copper (Cu) plays an important role in a protein expressed co-ordinately with nifgenes and may affect the efficacy of bacteroid function. This element also plays an important role in the respiratory proteins that are required for the N 2 fixation in rhizobia. Several rhizobial strains, particularly R.leguminosarum bv phaseoli make the pigment melanin. Cu deficiency in subterranean clover reduces nitrogen fixation (Abberton, 2010; Weisany et al., 2013) .
Iron
Iron (Fe) is required for various key enzymes of the nitrogenase complex as well as for the electron carrier ferredoxin and some hydrogenases. A particular high iron requirement exists in legumes for the heme component of haemoglobin. Iron is required in higher amount for nodule formation in legumes than in host plants, as in the case of lupins and peanuts. When Fe was limited in peanut nodules, a reduction in specific rates of nitrogenase were observed. This was an indication of a possible direct limitation by Fe deficiency on nodule function. In lupin and peanut, nodule development is much more susceptible to a shortage of iron than are other parameters such as plant shoot and root weights (Burket, 1997) .
Manganese
In one of the initial steps of the infection process, the binding of rhizobia to young root hairs is enhanced when R. leguminosarum is starved of manganese (Mn). However, it is still unknown whether Mn amounts affect the type of rhizobial exopolysacharide (Appanna and Preston, 1987) .
Molybdenum
Molybdenum (Mo) is a micronutrient precisely for plants forming root nodules with nitrogen-fixing bacteria, even though non-nodule forming plants also use small amounts of Mo in a protein involved with nitrogen metabolism uptake. Molybdenum in iron (Fe) molybdenum (Mo) cobalt (Co) co-factor is at the heart of the nitrogen reduction process. The role therefore clearly depicts the relevance of this micronutrient on the N 2 fixation process. Foliar application of Mo was reported to increase the levels on N 2 fixation and nodule mass in grain legumes in field conditions and this has led to higher overall N content and seed yield. The bacteria; B. japonicum strain deficient in molybdenum transport indicated impaired nitrogen fixation activity when inoculated to soybean roots. In studies that were conducted in the laboratory, various legumes that were severely starved of Mo displayed more intense signs of Gulwa et al. 1317 deficiency (Allen et al., 1999) .
Nickel
Soil nickel (Ni) application to field-grown soybean (Glycine max Merr.) resulted in a significant increase in nodule weight and seed yield. In some legumes, small amounts of Ni are essential for root nodule growth and hydrogenase activation. The efficiency of nitrogen fixation immediately depends on hydrogenase activity because the oxidation of hydrogen by the latter provides ATP required for the reduction to ammonia (Bertrand and de Wolf, 1967) ).
Cobalt
Cobalt (Co) is essential for the nitrogen-fixing microorganisms, including the cyanobacteria. Co is essential for symbiotic nitrogen fixation by legumes and non-legumes. For example, soybeans, grown with only atmospheric nitrogen and no mineral nitrogen have rapid nitrogen fixation and growth with 1.0 or 0.1..g Co ml -1 but have minimal growth without Co additions. Cobalt has also been shown to be essential for rhizobial growth and is required as a part of bacterial enzyme complex. Cobalt deficiency affects nodule development and function at different levels and to different degrees (Ahmed and Evans, 1960) .
Conclusion
The inclusion of forage legumes in low-input grassland mixtures is vital to improve biomass production, forage quality and ultimately soil fertility. The improvement of forage quantity and quality is crucial for improved animal performance that is a goal of all livestock farmers. Mixing legumes and grasses serves as the forage supplementary alternative since pure grasses or cereals provide poor quality fodder due to their inherent lower crude protein content. Legume species like Trifolim species whose CP levels remain higher even during the driest seasons, while simultaneously partitioning the fixed nitrogen to the companion grasses are highly recommended for grass-legume mixtures. Mixing legumes with grasses increases the CP concentration of the herbage mixture relative to that of grass monocultures. This suggests that legumes have the potential to improve the diets of ruminants.
Crude protein concentrations of grasses are usually lower during the dry season (winter), therefore, forage legumes should be incorporated in sole grass stands to increase forage quantity and quality during dry seasons. Forage legumes must be used to supplement the nutritive value of natural grasses. Legume species like Lespedeza cuneata can be recommended for production and baling for hay during summer and autumn for utilization during winter or early spring as, it's fibre content increases with advancing maturity. Species like T.repens, which, partition more of the fixed nitrogen to the companion nonlegume plant and remain palatable throughout the growing seasons should be produced and grazed as standing hay. Legumes enhance carbon (C) sequestration and reduce greenhouse gas (GHG) emissions.
The C sequestration enhancement in the soil is linked to increased biomass and hence to soil fertility. The assimilation of all the biologically fixed nitrogen by a legume plant, which maintains the balance of global nitrogen cycle and keeps nitrogen in a form that does not pollute the environment, is one of the well-known benefits of biological nitrogen fixation. Intercropping forage legumes with cereals or grasses is one of the climate smart option offering a potential for increasing forage and, consequently, livestock production in many parts of the world. When developing a fodder production plan incorporating legume production the physical, chemical, biological and environmental factors affecting legume growth and development should be taken into account. These factors may impede optimum legume growth and development if not properly addressed.
